This report deals with the question of whether hypothyroidism induced in various ways can influence the ability of estrogens to prevent coronary atherosclerosis in cholesterol-fed chicks.
P REVIOUS studies from this department demonstrated that estrogens prophylactically inhibit coronary atherogenesis in cholesterol-fed cockerels. 1 " 6 The present experiments were undertaken to elucidate the influence of hypothyroidism on this phenomenon. Concomitantly, an assessment was made of the effect of hypothyroidism per se in cholesterol-fed cockerels. METHODS Five series of experiments were accomplished, utilizing a total of 190 birds. The established methods of the department's atherosclerosis research team were followed throughout. 5 One-day old Hy-Line chicks were obtained from a commercial hatchery and reared in a battery brooder on a diet of commercial chick starter mash. At onset of the study, the birds were divided into experimental groups and placed on the atherogenic diet (chick starter mash + 1 or 2 per cent cholesterol + 5 per cent cottonseed oil). In essence, the experiment involved comparison of patterns of lipemia and atherogenesis (aorta and coronary) in 4 groups of birds on the same atherogenic diet-group 1, control; group 2, estrogen-treated; group 3, hypothyroid; group 4, estrogen-treated hypothyroid (table 1). In series 35 and 38, hypothyroidism was induced by thiouracil feeding, begun simultaneously with the onset of the experiment. In series 39 and 42, thyroidectomy was carried out 2 to 4 weeks before the study began. Postmortem examination revealed complete thyroidectomy in all except some birds of series 39. In series 46, thyroidectomy (at age 4 weeks) was followed by intravenous injection of I 131 (500 y.a./ bird at 5 to 6 weeks of age).* Birds were bled after 2 and 5 weeks on the experimental regimens, and the plasma analyzed for total cholesterol and lipid phosphorus by standard methods (tables 2 and 3). In series 46, serum proteinbound iodine levels were analyzed on pooled sera. 7 * Records of weekly feed intake and weight were maintained throughout. At the end of the fifth experimental week the animals were bled, weighed and sacrificed. A complete autopsy was done, organ weights recorded, the aortas graded for gross atherosclerosis and the hearts fixed for microscopic study of coronary atherosclerosis (tables 2 and 3). Standardized procedures for grading aorta and coronary lesions were utilized. 1 " 5 The latter involved microscopic examination of 2 sections (cut from 2 uniform blocks) on each bird. After staining with sudan IV and hematoxylin, these sections were examined and a record made of the findings in all observed coronary arteries and arterioles. These were classified as normal (0), lipid-infiltrated (±) or atherosclerotic (exhibiting lesions, i.e., plaque formation) (+).
RESULTS
The effects of induced hypothyroidism were consistent in the 5 series of experiments, irrespective of the method utilized to suppress thyroid hormone secretion. The changes with thiouracil were reflected by significant increases in thyroid weight and thyroid weight body weight ratios. f Estrogens-in series #46, parenteral estradiol benzoato in sesame oil (Progynon) was given at a dosage of 1 mg./bird/day; in other series, mixed conjugated equine estrogens (Premarin) orally via drinking water; minimal dosage of 20 mg./bird/day. Thiouracil-0.1-0.2 per cent orally via mash; in series #35, thiouracil feeding was initiated on 8/18/ 54, at ago 10 weeks, 2 weeks prior to institution of atherogenic diet. In series #39, thyroidectomy was accomplished at 11 weeks of age, 2 weeks before onset of experimental diet. In series #46, thyroidectomy was done at 5 weeks of age, 4 weeks before onset of 1 CO diet; 1-2 weeks after thyroidectomy, 500 iic./bird of I 131 was administered intravenously in a 1 ml. solution. t 2 CO and 1 CO are commercial chick starter mash supplemented with cholesterol, 2 per cent and 1 per cent respectively, plus 5 per cent cottonseed oil.
Similarly, thyroidectomy and thyroidectomyplus-I 131 resulted in significant hypothyroidism. Circulating protein-bound iodine (PBI) was reduced from a control level of 5.0 pig. per cent (range, 4.7 to 5.2) to 1.7 (range, 1.5 to 1.9). Despite induced endocrinologic alterations, feed intake and growth rate were essentially similar in all groups throughout.
Control vs. Hypothyroid Birds. Induced hypothyroidism led to consistent changes in plasma lipid levels in all 4 series of cholesterolfed cockerels. These included marked enhancement of hypercholesterolemia and C/P ratios. This tended to be associated with slight-tomoderate intensification of aorta and coronary atherogenesis* (table 2) .
Influence of Hypothyroidism on Estrogen Effects. Again, findings were consistent in the 5 series of experiments (table 3) . Hypothyroidism grossly counteracted the ability of estrogens to prevent coronary atherogenesis. Thus, coronary lesions were found in only 7 per cent of all estrogen-treated, thyroid-intact birds (group 2), whereas plaques were noted in 62 per cent of all estrogen-treated, hypothyroid chicks (group 4) (table 3) . This counteraction by hypothyroidism of estrogen anti-atherogenesis was associated with a tendency for mean total cholesterol levels and C/P ratios to be moderately higher in the estrogen-treated, hypothyroid birds. However, these group 4 chicks exhibited the usual estrogen-induced enhancement of hyperphospholipemia, so that their C/P ratios were still significantly lower than those of the controls.
Analysis of the data on individual birds was made, in order to assess whether any more clear-cut correlations were demonstrable between plasma lipid levels and coronary atherogenesis in the group 4 birds (table 4). 1 ' 6 No correlation was evident between level of cholesterolemia and presence or absence of coronary lesions. In both group 2 and group 4, the birds free of coronary lesions tended to exhibit lower C/P ratios than those with plaques (table 4) . However, a few individual birds were excep-* Supplementary data on body and organ weights, comb indices, plasma PBI and aorta atherogenesis are available in tabular form from the authors upon request. tional, i.e., had high C/P ratios with freedom from lesions, or low C/P ratios with presence of plaques. Hence, no definitive conclusions could be drawn concerning the relationship of C/P levels and coronary atherogenesis in the estrogen-treated, hypothyroid chicks.
DISCUSSION
These experiments clearly demonstrate that hypothyroidism counteracts the ability of estrogens to protect the coronary arteries of chicks against cholesterol-induced atherosclerosis. It would seem, therefore, that a euthyroid state is essential for effective estrogen anti-atherogenesis. Or-to put this conclusion somewhat differently-thyroid and estrogenic hormones apparently act synergistically to render the coronary vessels resistant to plaque formation. The mechanisms of this effect remain unclear; the data of this and previous experiments suggest-but do not prove-a relationship to plasma lipid effects, particularly C/P ratios. 1 ' 6 This experiment demonstrates for the first time a counteraction of estrogen prophylaxis. This contrasts with previous experiments in which hyperadrenocorticism, pancreatectomy, glycocorticoid diabetes and hyperandrogenism all failed to influence estrogen inhibition of coronary lesions. 6 -6> 8> 9 Recently, hyperinsulinism, like hypothyroidism, was found to counteract the estrogen effect. 6 Preliminary findings indicate that heparin and Dicumarol in anticoagulant doses also have a similar influence. 10 Under the conditions of these experiments, involving feeding of highly atherogenic diets to this susceptible avian species, hypothyroidism did not grossly intensify atherogenesis in the nonestrogen-treated birds. Clearly, this observation is in no way contradictory to the findings of other workers demonstrating an association among hypothyroidism, hypercholesterolemia and atherogenesis in dog, rat and man. 5 ' u The data of these experiments-particularly those on estrogen-thyroid synergism in antiatherogenesis-strongly re-enforce fundamental concepts concerning pluriglandular influences on lipid metabolism and vascular architecture. SUMMARY Hypothyroidism induced by thiouracil, thyroidectomy, or thyroidecomy + I 131 , counteracted the ability of estrogens to prevent coronary atherosclerosis in cholesterol-fed chicks. While hypothyroidism had a slight accelerating effect on atherogenesis, its neutralization of the estrogen-anti-atherogenic effect was so much greater as to suggest some other mechanism. It remains to be seen whether or not this is relative to its effect on the cholesterol . . Z ;-rrr". ratios, lhese findings indicate phosphohpid that a euthyroid state is essential in order for estrogens to exert their protective action against cholesterol-induced coronary atherogenesis. and Jack Petzold for important technical contributions.
SUMMAKIO IN INTERLINGUA
Hypothyroidismo-inducite per thiouracil, thyroidectomia, o thyroidectomia plus I 131contrariava le capacitate de estrogeno de prevenir atherosclerosis in gallettos alimentate a cholesterol. Durante que hypothyroidismo exerce un leve effecto acceleratori super atherogenese, su neutralisation del effecto anti-atherogenic de estrogeno esseva si marcate que un altere mechanismo debeva esser suspicite. II remane a determinar si o non isto es relationate a su effecto super le proportion inter cholesterol e phospholipide. Le presente constatationes indica que un stato euthyroide es necessari a fin que estrogenos pote exercer lor effecto protectori contra le induction de atherogenese coronari per cholesterol.
